SUMMARY Using five non-invasive tests, abnormalities of cardiovascular reflex function were found in 20 of 50 patients with gastro-oesophageal reflux. Abnormalities of pupil cycle time, an index of non-vagal parasympathetic function, were found in only a few patients, implying that the cardiovascular abnormalities observed were not part of a generalised parasympathetic defect. The findings are consistent with the hypothesis that an abnormality of vagal function may contribute to the pathogenesis of gastro-oesophageal reflux.
Although incompetence of the lower oesophageal sphincter is generally accepted as the principal cause of gastro-oesophageal reflux, the mechanisms responsible are still unclear. Normal sphincter function is mainly controlled through the vagus nerve. The sphincter response to raised intraabdominal pressure, which is mediated by a vagovagal reflex, is reduced in many patients with gastro-oesophageal reflux.' 2 Recently, however, the possibility that this is not just a simple consequence of sphincter failure has been raised by observations that patients with gastro-oesophageal reflux exhibit an -impaired gastric secretory response to insulin (which depends on gastric vagal innervation)2' and impairment of the heart rate response to deep breathing (which depends on cardiac vagal innervation).'2I An abnormality of vagal function may therefore be more prevalent among patients with gastro-oesophageal reflux than has hitherto been appreciated and could, in fact, contribute to the pathogenesis of the disorder.
Interpretation of a single test of cardiovascular reflex function is difficult. This study was therefore undertaken to amplify these previous observations using a wider range of cardiovascular autonomic function tests, together with measurement of pupil cycle time (a test of non-vagal parasympathetic function), in a group of patients with gastrooesophageal reflux.
Patients with gastro-oesophageal reflux were recruited from subjects referred with presumed oesophageal disease. The duration and severity of oesophageal symptoms (heartburn, pain on swallowing and regurgitation) was recorded and symptoms graded as mild, moderate or severe (scored 1, 2, or 3), and a total 'symptom score' of 0-9 derived. All subjects underwent endoscopy and oesophageal biopsy, and the degree of endoscopic oesophagitis graded according to a previously defined schedule. 4 The oesophageal biopsies were scored as positive or negative according to the presence or absence of oesophagitis.
OESOPHAGEAL STUDIES
Oesophageal motility was measured in all patients using a multiple lumen tube perfused by a hydraulic infusion system. The lower oesophageal sphincter pressure was estimated by the rapid pull through technique and the amplitude and duration of peristalsis in the lower oesophagus measured from the last five of 15 
AUTONOMIC STUDIES
All patients were submitted to a battery of five standard cardiovascular autonomic reflex tests which have been widely used, particularly in assessing diabetic autonomic neuropathy. These comprised the heart rate responses to the Valsalva manoeuvre, deep breathing and standing up, and the blood pressure responses to standing up and to sustained handgrip. The tests have been described in detail previously, and the normal, borderline and abnormal ranges used are based on our results from nearly two hundred normal subjects." A score of 0, 1, or 2 was assigned to each test depending whether the result was normal, borderline or abnormal, giving a total 'autonomic score' ranging from 0-1O for each subject. For the purposes of this study, a score of 3 or more was taken to indicate definite autonomic damage. This meant that two or more different tests showed abnormality, and that definite autonomic involvement was present in these subjects.
Thirty seven patients had 24 hour ambulatory heart rate recordings during their normal daily activities. The They were compared with the remaining 30 subjects with scores of 0-2 (Tables 2 and 3 ). No differences were observed between the two groups with regard to clinical features, oesophageal manometric findings, or the magnitude of the gastro-oesophageal reflux, but the patients with definite evidence of autonomic abnormalities were older and had endoscopic evidence of more severe oesophagitis. The mean resting and 24 hour waking and sleeping heart rates were higher in those subjects with larger autonomic scores ( Table 4) . Twelve of the 37 subjects (32%) had 24 hour heart rate counts that were probably abnormal with values of less than 1000. There was a significant correlation between the 24 hour 'counts' and the autonomic score derived from the cardiovascular reflex tests in the group of 37 subjects (r=-0-407, p<0-02). Pupil cycle times are shown in the Figure. It was not possible to induce pupil cycling in 10 patients but was slightly greater than our previously defined upper limit of normal"' in six subjects and more definitely prolonged in three of those in whom cycling was induced.
Discussion
Our results amplify previous reports of abnormal cardiovascular reflexes in patients with gastrooesophageal reflux which based their conclusions on a single cardiovascular reflex test, namely the heart rate response to deep breathing. Abnormality in those studies was identified in 44%3 and 29% of patients,' which is comparable with the 38% in our study. The assumption that abnormalities of autonomic function can be confidently identified using only a single test of autonomic function is suspect, however, and a battery of tests is always to be preferred. Our battery of tests revealed unequivocal evidence of autonomic nervous system dysfunction in 40% of patients, although none had symptoms of autonomic failure. Although our patients with autonomic dysfunction were significantly older than those with normal cardiovascular reflexes, this is not simply an effect of age on autonomic function. We 
